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RECOVERY PLANT FOR SURPLUS WATER
PAINT

The invention relates to a recovery plant for surplus
water paint in paint-spraying booths comprising a cir-
cuit of water circulating in the booth, in particular, with
a system tank for collecting the water circulating in the
booth.

The invention also relates to a method for the recov-
ery of surplus water paint in paint-spraying booths in
which water circulating in the booth is conducted
through a circuit and, in particular, collected in a sys-
tem tank.

It 1s known to collect the surplus water paint in paint-
spraying booths by means of the water circulating in the
booth and to thereby wash it out of the paint-spraying
booth. The solids component in the circuit of water
circulating in the booth increases constantly owing to
this washing-out of the surplus water paint. From a
certain concentration onwards of the solids component
in the circuit of water circulating in the booth, the cir-
culation i1s no longer adequate to keep the solids compo-
nent, 1.€., the water paint particles suspended and so
sedimentation of the solids component starts in critical
parts of the circuit of water circulating in the booth. It
1s then no longer expedient to maintain the washing-out
of the surplus water paint in the paint-spraying booth

and a number of problems arise as a result of the sedi-
mented water paint particles.

The object underlying the invention is, therefore, to
provide a recovery plant for surplus water paint in
pamt-spraying booths wherein such problems with sedi-
menting water paint particles no longer occur.

‘This object 1s accomplished 1n accordance with the
invention in a recovery plant of the kind described
above by a volume flow of water circulating in the
booth flowing from the circuit of water circulating in
the booth through a branch pipe to a preconcentration
stage, by the preconcentration stage comprising a ring
circuit with an ulitrafiltration unit for continuously pro-
ducing a preconcentrate in the ring circuit and a perme-
ate which leaves the ring circuit, by the permeate flow-
ing into the circuit of water circulating in the booth and
the preconcentrate into a final concentration stage, by
the final concentration stage comprising a ring circuit
with an ultrafiltration unit which increases the concen-
tration of the preconcentrate in batches to the final
concentrate and produces a permeate which flows into
the circuit of water circulating in the booth.

In a two-stage process in accordance with the inven-
tive solution the surplus water paint collected in the
water circulating in the booth is removed in the precon-
centration stage preferably on average continuously
from the circuit of water circulating in the booth and
imcreased in concentration to the preconcentrate with a
solids content of, for example, 1 to 10%, preferably
approximately 5%, and this preconcentrate is simulta-
neously fed to the final concentration stage in which the
preconcentrate 1s increased in concentration in batches
to the final concentrate which has a solids concentra-
tion which is necessary foe it to be usable as recycling
paint.

The great advantage of the preconcentration stage
which essentially operates on average continuously is to
be seen in the fact that with the constant output of
permeate from the preconcentration stage, the solids
content 1n the circuit of water circulating in the booth

10

15

20

25

30

35

45

50

55

60

65

2

can also be kept at an essentially constant value of, for
example, 0.1 to 1.0%, preferably approximately 0.2 to
0.5%, as the preconcentration stage operates with es-
sentially constant parameters, i.e., an essentially con-
stant solids content. Furthermore, the preconcentration
stage produces essentially continuously a concentrate
which is increased in concentration in the final concen-
tration stage in batches to the final concentrate with a
solids content of, for example, 20 to 50%, preferably 40
to 30% 1n the case of filler and finishing paint. The
increasing of the concentration in batches has, in turn,
the advantage that without having to take into consider-
ation the permeate output of the final concentration
stage, the final concentrate can be increased in concen-
tration to a solids content which is merely aimed at
advantageous paint characteristics of the recycling
paint.

To enable batch-type operation of the final concen-
tration stage, provision is made in an advantageous
embodiment of a recovery plant according to the inven-
tion for an intermediate buffer tank to be provided to
temporarily store the preconcentrate flowing off from
the preconcentration stage and feed it in batches to the
final concentration stage. With this intermediate buffer
tank the connection is thus made between the essentially
constantly operating preconcentration stage and the
final concentration stage, with no large volumes having
to be temporarily stored in this intermediate buffer tank
because due to the preconcentration stage, the volume
flow entering the intermediate buffer tank constitutes a
small part of that volume flow of water circulating in
the booth which enters the preconcentration stage.

As an alternative to this, provision is made in a fur-
ther advantageous embodiment of a recovery plant
according to the invention for two final concentration
stages t0 be provided for alternately receiving precon-
centrate. In this embodiment, the intermediate buffer
tank can be dispensed with, and the final concentration
stages then operate in such a way that one is always
being charged with preconcentrate while the other one
1s Increasing the concentration of the charged batch of
preconcentrate to the final concentrate.

In the simplest case, provision is made in the recovery
plant according to the invention for the permeate of the
final concentration stage to flow back directly into the
circuit of water circulating in the booth. When the
recovery plant according to the invention is in opera-
tion for a long time, this can result in low-molecular
water paint components which are still present in the
permeate being increased in concentration in the circuit
of water circulating in the booth as they are not re-
moved to the same extent as the solids component of the
water paimnt in the final concentration stage.

To prevent such increasing of the concentration of
low-molecular water paint components, provision is
preferably made for the permeate of the final concentra-
tion stage to pass prior to entry into the circuit of water
circulating in the booth through a reverse osmosis stage
which removes low-molecular water paint components.

With this reverse osmosis stage it is thus possible to
also remove the low-molecular water paint components
contained in the permeate, in particular, the permeate of
the final concentration stage and to feed the permeate
produced by the reverse osmosis stage which is now
essentially free of low-molecular water paint compo-
nents to the circuit of water circulating in the booth and
thereby bring about dilution of the water circulating in




5,443,738

3

the booth also with respect to the low-molecular water
paint compornents.

At the same time the reverse osmosis stage makes it
possible to also recover the low-molecular water paint
components again, for example, in a water paint pro-
cessing installation.

The reverse osmosis stage is preferably designed so as
to comprise a ring circuit and a reverse osmosis unit
which increases the concentration of low-molecular
water paint components in the ring circuit and produces
an osmosis permeate which flows into the circuit of
water circulating in the booth.

So far, no details have been given about the way in
which the preconcentration stage operates. It is, for
example, also possible for the preconcentration stage to
operate in a clocked manner and to each time increase
the concentration of a batch of water circulating in the
booth to the preconcentrate. It is, however, more ad-
vantageous for the preconcentration stage to continu-
ously take in water circulating in the booth from the
branch line.

Furthermore, it is advantageous for the permeate
produced by the preconcentration stage to flow contin-
uously into the circuit of water circulating in the booth.

Provision is also advantageously made for the pre-
concentrate produced by the preconcentration stage to
flow off continuously from the preconcentration stage.

In particular, such flowing-off of the preconcentrate
proves advantageous when a certain fraction of the
preconcentrate circulating in the ring circuit flows off
from the preconcentration stage.

Here provision is preferably made for the flowing-off
preconcentrate to be retained matter coming from the
ultrafiltration unit.

An advantageous balance of the volume flows is
achieved when the volume flow of the flowing-off pre-
concentrate and the generated permeate corresponds to
that volume flow of the water circulating in the booth
which flows into the preconcentration stage so that the
preconcentration stage continously removes water cir-
culating in the booth with a certain solids component
from the circuit of water circulating in the booth and
continuously feeds circuit permeate to the latter,
thereby contributing to a continuous diluting of the
water circulating in the booth which, for its part, owing
to the washingout of the surplus water paint in the spray
booth, 1s continuously charged with new solids compo-
nent, in particular water paint particles.

The output of the preconcentration stage is prefera-
bly selected such that the mass of solids component
removed from the circuit of water circulating in the
booth via the preconcentrate flowing off from the pre-
concentration stage is equal to the mass of solids com-
ponent which is washed out from the circuit of water
circulating in the booth via the surplus water paint.

Finally, the object underlying the invention is accom-
plished in accordance with the invention in a method of
the kind described above by a volume flow of water
circulating in the booth being led from the circuit of
water circulating in the booth to a preconcentration
stage, by the preconcentration stage comprising a ring
circuit with an ultrafiltration unit in which a preconcen-
trate i1s continuously produced in the ring circuit and a
permeate which leaves the ring circuit, by the permeate
being fed to the circuit of water circulating in the booth
and the preconcentrate to a final concentration stage, by
the final concentration stage comprising a ring circuit
with an ultrafiltration unit in which the concentration of

10

15

20

235

30

335

40

435

30

335

60

635

4

the preconcentrate is increased in batches to the final
concentrate and a permeate 1s produced and fed to the
circuit of water circulating in the booth.

The advantages of the method according to the in-
vention are the same as those of the recovery plant
according to the invention and so reference is to be had
in this connection to the statements thereon.

Herein it is particularly advantageous for an interme-
diate buffer to be provided for temporarily storing the
preconcentrate flowing off from the preconcentration
stage and for feeding the preconcentrate from it in
batches to the final concentration stage.

As an alternative to this, it is advantageous in a fur-
ther embodiment of the method according to the inven-
tion for two final concentration stages to be provided
for alternately receiving preconcentrate.

Regarding the further use of the permeate of the final
concentration stages, it is, on the one hand, possible to
lead 1t back again directly to the circuit of water circu-
lating 1n the booth, but it is even better for the permeate
of the final concentration stage to be conducted prior to
entry into the circuit of water circulating in the booth
through a reverse osmosis stage for removing low-
molecular water paint components.

It 1s expedient for the reverse osmosis stage to operate
in such a way that the permeate is conducted through a
reverse osmosis stage in which the concentration of
low-molecular water paint components is increased and
an osmosis permeate is produced and fed to the circuit
of water circulating in the booth.

In the embodiments according to the invention, the
preconcentration stage is preferably operated in such a
way that permeate is continuously produced and fed to
the circuit of water circulating in the booth.

Furthermore, the preconcentration stage can be ad-
vantageously operated further in such a way that the
generated preconcentrate is continuously removed
from the preconcentration stage.

This removal of the preconcentrate preferably takes
place by a certain fraction of the preconcentrate circu-
lating in the ring circuit always being removed.

Further features and advantages of the inventive
solution are to be found in the following description and
the appended drawings of several embodiments.

The drawings show: '

F1G. 1 a schematic illustration of a first embodiment
of a recovery plant according to the invention;

FIG. 2 a schematic illustration of a second embodi-
ment; and

FI1G. 3 a schematic illustration of a third embodiment
of a recovery plant according to the invention.

An embodiment of a recovery plant according to the
invention 1s used in a spray booth designated in its en-
tirety 10 in which, for example, a motor vehicle body 12
1s paintable by spray devices with water paint. The
water paint which does not remain on the motor vehicle
body 12 is washed out underneath a grating floor 16 as

surplus water paint by water circulating in the booth

and flowing over a drainage plate 18, collected and fed
together with the water circulating in the booth via a
discharge pipe 20 to a system tank 22. From this system
tank 22 the water circulating in the booth is fed again by
a pump 24 through a feed pipe 26 to inlet channels of the
drainage plates 18 so that, in all, the water circulating in
the booth recirculates in a circuit 28 of water circulating
in the booth in order to continuously wash out the sur-
plus water paint from the spray booth 10. The concen-
tration of the solids component thus increases steadily in
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the circuit 28 of water circulating in the booth. How-
ever, this should not exceed a certain value in order to
prevent sedimentation of the dispersed water paint in

critical parts of the circuit of water circulating in the
booth.

For this reason, a volume flow of water circulating in
the booth is branched off by a pump 30 through a
branch pipe 32 from the circuit 28 of water circulating
in the booth and fed to a preconcentration stage desig-
nated 1n its entirety 34. This preconcentration stage 34
comprises a ring circuit designated 36 with a circuit
tank 38, a filter feed pipe 42 leading from the circuit
tank 38 to an ultrafiltration unit 40, a pump 44 arranged
in the filter feed pipe and a pipe 46 for retained matter
leading back from the ultrafiltration unit 40 to the cir-
cuit tank. A permeate pipe 48 also leads away from the
ultrafiltration unit 40 and back into the system tank 22.

In the preconcentration stage 34 according to the
Invention, the branch pipe 32 preferably discharges into
the circuit tank 38 of the ring circuit 36.

The pipe 46 for retained matter also contains a
branch-off valve 30, preferably a proportional valve,
which branches off an adjustable amount of the volume
flow in the pipe 46 for retained matter and introduces it
through a preconcentrate pipe 52 into an intermediate
buffer tank 54.

A feed pipe 56 with a shut-off valve 58 arranged in it
leads irom the intermediate buffer tank 54 to a final
concentration stage 60 which likewise comprises a ring

circuit 62 with a circuit tank 64, a filter feed pipe 68
with a pump 70 leading to an ultrafiltration unit 66 and
a plpe 72 for retained matter leading back from the
ultrafiltration unit 66 to the circuit tank 64.

The permeate produced in the ultrafiltration unit 66
1S, 1n turn, fed directly through a permeate pipe 74 to the
system tank 22.

A discharge pipe 76 1s also provided for emptying the
circuit tank 64 and leads either to a paint buffer tank 78
Or to a paint processing device 80.

The 1mmventive recovery plant for water paint surplus
operates as follows:

First, 1t will be assumed that in the circuit 28 of water
circulating in the booth, the water circulating in the
booth 1s constantly taking up and washing out new
surplus water paint from the spray booth 10. This re-
sults in an increase of the content of solids in the entire
circult 28 of water circulating in the booth to values of
approximately 0.1 to 1%, preferably 0.2 to 0.5%.

In order to keep this concentration of the solids,
which cannot be measured, substantially constant in the
system tank 22, the preconcentration stage 34 operates
continuously, i.e., the water circulating in the booth
which 15 fed to the ring circuit 36 by the pump 30 and
the branch pipe 32 is constantly increased in concentra-
tion with water paint particles in the ring circuit 36 in
order to produce in the ring circuit 36 a preconcentrate
which has, for example, a solids content of 1 to 10%,
preferably approximately 5%. Owing to the water
which circulates in the booth being continuously recir-
culated in the ring circuit 36 with water paint particles,
the ultrafiltration unit continuously separates permeate
and feeds it through the permeate pipe 48 back into the
system tank 22. Furthermore, the branch-off valve
S0—as described previously—operates in such a way
that always a certain amount of the volume flow in the
pipe 46 for retained matter is branched off and flows
through the preconcentrate pipe 52 into the intermedi-
ate buffer tank 54. The amount is, for example, 1/20 of
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the volume flow in the pipe 46 for retained matter in the
ring circuit 36.

In order to keep the volume of the water circulating
in the booth with paint particles constant in the ring
circuit 36, the volume flow of the permeate flowing off
through the permeate pipe 48 and the volume flow of
the preconcentrate flowing off through the preconcen-
trate pipe 52 are continuously replaced by water circu-
lating in the booth with water paint particles with pref-
erably a solids content of 0.2 to 0.5% being fed by the
pump 30 and the branch pipe 32.

The volume flow through the branch pipe 32 is con-
trollable, for example, in accordance with the filling
level i the circuit tank 38.

The first preconcentration stage 34 thus serves to
continuously remove from the circuit 28 of water circu-
lating in the booth a volume flow of water circulating in
the booth with water paint particles and to replace this
volume flow essentially by the permeate fed back
through the permeate pipe 48 so that, in turn, the entire
water circulating in the booth is thereby continuously
diluted and, therefore, the component of solids intro-
duced through the circuit 28 of water circulating in the
booth 1s, in principle, removed by the volume flow
through the branch pipe 32.

The preconcentrate introduced by the preconcen-
trate pipe 52 into the intermediate buffer tank 54 is now

temporarily stored in it and fed by means of the shut-off
valve S8 in the feed pipe in batches to the circuit tank 64

of the ring circuit 62 of the final concentration stage 60,
1.e., the final circuit 62 is charged at constant time inter-
vals with a new batch of preconcentrate.

Once the ring circuit 62 has been charged, the pre-
concentrate in this ring circuit 62 is constantly circu-
lated and thus passes continuously through the ultrafil-
tration unit 66 which constantly separates permeate
from the circulated preconcentrate and feeds it, in turn,
to the system tank 22 through the permeate pipe 74.

An increase In the concentration of the preconcen-
trate thus takes place in the ring circuit 62, more partic-
ularly, up to a solids content of from approximately 20
to approximately 50% depending on the type of paint in
the final concentrate. When this solids concentration is
reached and the final concentrate thus produced, the
circuit tank 64 is emptied and the ring circuit 62, too,
through the discharge pipe 76 either into the paint
buffer tank 78 or directly into the paint processing de-
vice 80.

The now empty circuit tank 64 is then charged anew
through the feed pipe 56 with a further batch of precon-
centrate which is then likewise increased in concentra-
tion in the ring circuit 62 to final concentrate.

In a second embodiment of an inventive recovery
plant for surplus water paint those parts which are iden-
tical with those of the first embodiment bear the same
reference numerals. For a description of their arrange-
ment and function reference may be made to the above
description of the first embodiment.

In contrast with the first embodiment, the permeate
pipe 74 does not lead back directly to the system tank
but via a reverse osmosis stage 82 which comprises a
work tank 86, a reverse osmosis unit 88, a feed pipe 90
with a pump 92 leading from the work tank 86 to the
reverse osmosis unit 88 and a pipe 94 for retained matter
leading away from the reverse osmosis unit 88. Further-
more, the pipe 94 for retained matter leads via an outlet
98, for example, into a storage tank or into the paint
processing device 80. An osmosis permeate pipe 100
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also leads back from the reverse osmosis unit 88 to the
system tank 22.

In contrast with the first embodiment, in the second
embodiment the permeate of the ultrafiltration unit 66 is
not fed directly through the permeate pipe 74 into the
system tank but instead into the reverse osmosis stage
82. Herein, the permeate is circulated in the ring circuit
84 and low-molecular paint components such as, for
example, low-molecular binding agents and low-
molecular solvents still present in the permeate are held
back by the reverse osmosis unit 88 and circulated in the
pipe 94 for retained matter, while the water flows back
through the osmosis permeate pipe 100 to the system
tank 22. .

In the ring circuit 84 of the reverse osmosis stage 82
the low-molecular water paint components are thus
increased in concentration and passed on through the
outlet 98 for regeneration, either directly in the paint
processing device 80 or by temporary storage in a tank.

Furthermore, owing to the reverse osmosis stage 82
the concentration of the low-molecular water paint
components in the circuit 28 of water circulating in the
booth 1s prevented from increasing in the course of time
and hence the solids component, i.e., the component of
water paint particles, from being unable to be kept sus-
pended to an adequate extent in the circuit of water
circulating in the booth.

Owing to the pure water flowing back through the
osmosis permeate pipe 100, a constant diluting with
respect to the low-molecular water paint components is,
therefore, also brought about in the circuit of water
circulating in the booth.

In the first and second, embodiments, the ultrafiltra-
tton units 40 and 66 preferably operate with membranes
which have a separating limit in the range of from ap-
proximately 10,000 to approximately 100,000 dalton,
while the reverse osmosis unit 88 operates with a mem-
brane having a separating limit which lies in the range
of from approximately 100 dalton to approximately 200
dalton.

In a third embodiment of a recovery plant according
to the invention, illustrated in FIG. 3, those parts which
are 1dentical with those of the first and second embodi-
ments bear the same reference numerals and so refer-
ence 1s to be had in connection with their arrangement
and function to the statements on the first two embodi-
ments.

In contrast with the first and second embodiments,
two final concentration stages 60z and 60b are pro-
vided. These operate in the same way as the final con-
centration stage 60 and, in addition, a reverse osmosis
stage 824 and 82), respectively, is also connected to the
outlet side of each of the final concentration stages 60a
and 605.

The advantage of the third embodiment includes the
fact that the intermediate buffer tank 54 can be dis-
pensed with. Instead of the intermediate buffer tank 54,
a shift valve 102 which introduces the preconcentrate
into etther the circuit tank 64¢ or the circuit tank 645 is
arranged In the preconcentrate pipe 52.

The two final concentration stages 60z and 605 oper-
ate m such a way that either the final concentration
stage 60a or the final concentration stage 605 is charged
and the respective other one 60b or 60a increases the
concentration of the charged batch to the final concen-
trate.

The preconcentrate is thus continuously removed
from one of the final concentration stages 60z or 60b.
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The osmosis permeate pipes 100z and 1005 preferably
likewise lead back into the system tank 22 again so
that—as described previously—the water circulating in
the booth is constantly diluted to an adequate extent and
no increasing of the concentration of low-molecular
water paint components takes place in it.

The present disclosure relates to the subject matter
disclosed in German application No. P 42 02 539.7 of
Jan. 30, 1992, the entire specification of which is incor-
porated herein by reference.

What is claimed is:

1. Apparatus for recovering surplus water paint from
a paint-spraying booth, comprising:

a booth water circuit in which booth water circulates
between a drain of said paint-spraying booth and a
system tank;

a branch pipe for continuously removing booth water
from said booth water circuit and feeding it to a
preconcentration ring circuit of a continuously
operating preconcentration stage;

an ultrafiltration unit for continuously producing a
preconcentrate in said preconcentration ring cir-
cuit and for continuously producing a permeate;

a pipe for continuously guiding said permeate from
said ultrafiltration unit to said booth water circuit;

a branch element in said preconcentration ring circuit
for removing part of said preconcentrate and intro-
ducing it into a ring circuit of a final concentration
stage;

said ring circuit of said final concentration stage in-
cluding an ultrafiltration unit for increasing con-
centration of the preconcentrate in batches to a
final concentrate for output from said recovering
apparatus, said ultrafiltration unit also producing a
permeate.

2. A recovery plant as defined in claim 1, further
comprising an intermediate buffer tank for temporarily
storing the preconcentrate flowing off from the precon-
centration stage and feeding it in batches to the final
concentration stage. |

3. A recovery plant as defined in claim 1, wherein
two final concentration stages are provided for alter-
nately receiving preconcentrate.

4. A recovery plant as defined in claim 1, wherein the
permeate of the final concentration stage flows back
directly into the circuit of water circulating in the
booth. |

5. A recovery plant as defined in claim 1, wherein the
permeate of the final concentration stage passes through
a reverse osmosis stage for removing low-molecular
water paint components before entering the circuit of
water circulating in the booth.

6. A recovery plant as defined in claim 5, wherein the
reverse osmosis stage comprises a ring circuit and a
reverse osmosis unit which increases the concentration
of low-molecular water paint components and produces
an osmosis permeate which flows into the circuit of
water circulating in the booth.

1. A recovery plant as defined in claim 1, wherein a
certain fraction of the preconcentrate circulating in the
ring circuit flows off from the preconcentration stage.

8. A recovery plant as defined in claim 7, wherein the
preconcentrate which flows off is retained matter com-
ing from the ultrafiltration unit.

9. A method for the recovery of surplus water paint
from a paint-spraying booth, comprising the steps of:

circulating booth water in a booth water circuit be-
tween a drain of said booth and a system tank:
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removing booth water from said booth water circuit
and feeding it into a preconcentration ring circuit
of a continuously operating preconcentration
stage;

producing a preconcentrate in said preconcentration
ring circuit by ultrafiltration;

continuously producing a permeate by said ultrafil-
tration and feeding said permeate into said booth
water circuit;

continuously removing part of said preconcentrate
from said ring circuit and feeding it into a ring
circuit of a concentration stage;

keeping a concentration of solids in said booth water
ctrcuit essentially constant through said removing
of said booth water from said booth water circuit,
sald feeding of said permeate back into said booth
water circuit and said continuous removing of part
of said preconcentrate; and

ultrafiltering said preconcentrate in said concentra-
tion stage to produce a permeate and to increase
the concentration of the preconcentrate in batches
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to a final concentrate for output as recovered water
paint.

10. A method as detined in claim 9, wherein the pre-
concentrate flowing off from the preconcentration
stage 1s temporarily stored and fed in batches to the final
concentration stage.

11. A method as defined 1in claim 9, wherein two final
concentration stages are provided for alternately re-
celving preconcentrate.

12. A method as defined 1n claim 9, wherein the per-
meate of the final concentration stage is fed back di-
rectly into the circuit of water circulating in the booth.

13. A method as defined in claim 9, wherein the per-
meate of the final concentration stage is led through a
reverse osmosis stage for removing low-molecular
water paint components before entering the circuit of
water circulating in the booth.

14. A method as defined in claim 13, wherein in the
reverse Osmosis stage:

the concentration of low-molecular water paint com-

ponents is increased; and

an osmosis permeate is produced and fed to the cir-

cuit of water circulating in the booth.
* X * & ¥
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